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@ Opto-optical light deflector. 

© An opto-optical light deflector/modulator with high 
resolution and large angle scanning capability has means 
(10, 16) for providing first (22A) and second (22B| coherent 
wave fronts of a first wavelength to travel in a transparent 
optically active medium (28) thereby producing an optically 
generated standing wave that induces a periodic refractive 
index variation In the medium suitable for diffraction pur- 
poses. The device has means (20A, 20B) for simultaneously 
tilting the orientation and changing the spacing of the 
optically generated standing wave. The device also has 
means (32) for providing a third wave (30) of a second 
wavelength to travel in said medium which is diffracted by 
the periodic refractive index variation induced by the first 
and second wavefronts. 



FIG. 1 
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Opto-Optical Light Deflector . 

This invention relates to an optic device for light de- 
flection and more particularly to an opto-optical light 
deflector/modulator . 

Current non-mechanical light deflection techniques include 
electro optic and acousto-optic devices. Electro optic 
devices are relatively fast since they are inertialess. They 
rotate the plane of polarization of incoming light by the 
linear electro optic Pockels effect in materials like 
potassium dihydrogen phosphate and by the addition of a 
following birefringent crystal cause the light to propagate 
as either the ordinary or extraordinary ray. By cascading 
electro optic and birefringent stages, a multi-spot light 
deflector is realized. This device usually requires large 
voltages for the logitudinal effect, on the order of 'thou- 
sands of volts, and complicates the electronics when high 
deflection rates (< //sec) are required. For the transverse 
effect smaller voltages are used, but a longer interaction 
length is required with the resulting reduction in aperture 
causing a reduction in resolution and alignment problem. 



The acousto-optic device operates by diffraction from a 
periodic structure, refractive index variation, introduced 
into an optically transparent material by a travelling 
acoustic wave. These are inherently small aperture devices 
because the small propagation velocity of the acoustic wave 
inside the material requires the cross section of the light 
beam to be small for the device to have a fast response 
time. In addition, use of a large aperture also introduces a 
distortion into the deflected wavefront as the periodicity 
of the diffracting structure changes from one side of the 
aperture to the other during deflection. 
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An opto-optical light deflector is disclosed in U.S. patent 
3790252. The deflection of the light beam is achieved by 
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changing in a spatially non-homogeneous manner the refracted 
index of an interaction medium through which a control light 
beam and a controlling beam pass at an angle to each other. 
This approach varies the density of the diffraction material 
5 so that the density increases progressively, preferably 

linearly from one side to the other. One of the embodiments 
uses a diffraction pattern; however, this approach does not 
involve changing this diffraction pattern to achieve mul- 
tiple deflection positions. 

10 

A high resolution opto-optical light deflector/modulator is 
described in copending European patent application No. 
83102358. 5 , applicant's reference SA9-81-054, assigned to 
the assignee of the present invention. This deflector uses 
15 optically generated standing waves to induce a periodic 
refractive index variation which is used for diffraction 
purposes. This device has an improved aperture and is useful 
over a somewhat limited spectral bandwidth. 

20 The present invention is defined in the attached claims. 



An opto-optical light deflector/modulator has a transparent 
optical active medium, for example, barium titanate. The 
deflector has means for providing first and second coherent 
wave fronts of wavelength (X Q ) to travel in the medium to 
produce by interference an optically generated standing wave 
that induces a periodic refractive index variation in the 
medium suitable for diffraction purposes. The device has 
means for simultaneously tilting the orientation and 
changing the spacing of the optically generated standing 
wave. The addition of tilting permits the Bragg condition to 
be satisfied over a large spectral bandwidth resulting in a 
device suitable for use for creating large angular deflec- 
tions. The device also includes means for providing a third 
wave front (K^) to travel in said medium which is diffracted 
by the periodic refractive index variation induced by the 
first and second wave fronts. 



0100418 



The present invention provides a light def lec t or /modulator 
with high resolution and large angle scanning capability. 

ache present invention also shows a significant improvement 
5 in both uniform efficiency and deflection angle sensitivity 
for wave front diffraction over the prior art technique. 

For a future understanding of the invention, and of the 
objects and advantages thereof, reference will be had to the 
10 following detailed description and to the accompanying 

drawings and to the appended claims wherein the specific 
embodiments of the invention are shown. 

The invention will now be described by way of example and 
15 reference to the accompanying drawings in which: 

Fig. 1 is a top view of a preferred embodiment of the de- 
flector in accordance with this invention; 

20 Fig. 2 is an enlarged view showing the relationship between 
the tilting means, the lens and the recording medium; 

Fig. 3 is an enlarged top view illustrating the effect of 
the tilt means on the beam in the recording medium; and 

25 

Fig. 4 is a graph comparing the effectiveness of this 
invention with the prior art approach . 

This invention is concerned with a tilt correction factor 
30 for an opto-optically light deflector/modulator of the type 
described in copending European patent application 
EP83102358.5 which is included herein by reference thereto. 
This invention describes a technique for satisfying the 
Bragg condition over a large spectral bandwidth resulting in 
35 a device for large angular deflection. The invention in- 
cludes passive means for tilting the orientation of the 
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optically generated stading wave in response to a change in 
the wavelength of the first and second wave fronts. This 
passive means operates in real time and allows for higher 
resolution and large angle scanning in comparison to the 
invention described in EP83102358.5. 

As shown in fig. 1, a wave front 10 from light source 12 , 
for example an argon laser, passes through a polarization 
rotator 14 on its way to beam splitter 16. Device 13 varies 
the wavelength of light source 12. Beam splitter 16 provides 
wave fronts 18A and 18B which are directed to grating 20A 
and grating. 20B respectively. Gratings 20A and 20B form the 
means for changing the direction of incident wave fronts 18A 
and 18B into beams 22A and 22B. The individual directions of 
the beams 22A and 22B change in response to a wavelength 
change of beam 10 according to the standard grating re- 
lationship. While the tilting means are shown as reflection 
gratings 20A and 20B, other elements exhibiting wavelength 
dependent dispersion or diffraction by either reflection or 
transmission, such as prisms, holographic elements and the 
like may be used to change the orientation of beams 18A and 
B. The redirected beams 22A and 22B pass through shutters 
24A and 24B respectively. The beams then pass through op- 
tical means 26A and 26B respectively and are combined in 
recording medium 28 to form an interference pattern. Ex- 
amples of the transparent recording medium are sodium vapor, 
varium titanate, bismuth silicon oxide, lithium niobate, 
ruby, liquid crystals and a liquid solution of organic 
saturable absorbers. 

When the optically generated standing wave in recording 
medium 28 is illuminated with a third beam 30 from a source 
32, for example, a helium neon laser, at wavelength X by 
means 1 of a mirror 34, then efficient diffraction of beam 30 
into beam 36 occurs when the Bragg condition is satisfied. 
This will be more clearly illustrated in fig. 3. 
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A typical optical means 26A and 26B for combining beams 22A 
and 22B onto the recording medium 28 is shown in fig. 2. 
This is an example of an afocal optical system that main- 
tains the collimation of beams 22A and 22B as they are 
diffracted by gratings 20A and 20B and directs them as 
another set of collimated beams 38A and 38B to overlap in 
medium 28. The two gratings 20A and 20B have different 
spatial frequencies. Using different spatial frequencies, 
the change in direction of each beam 22A and 22B will be 
different and will cause a simultaneous change in both the 
spacing and direction of the standing wave structure in the 
medium as the wavelength of beam 10 is changed. 

As shown in fig. 3, simultaneously changing the wavelength 
and direction of the incident beams 38A and-3BB to new beams 
4 OA and 4 OB causes a change in the direction of the beams 
incident on the recording medium 28. By proper selection of 
the spatial frequencies of gratings 20A and 20B and/or 
angular manification of optical means 24A and 24B, the 
change in each beam can be adjusted and a simultaneous 
change in both the spacing and the direction of the standing 
wave 42 in the recording medium 28 is obtained. 

The new standing wave 44 is tilted and changed in spacing 
such that illuminating beam 30 is efficiently deflected into 
the direction of beam 46. 

As one particular embodiment, gratings 20A and 20B are 
transmission gratings having spatial frequencies of 590 
lines/mm and 1400 lines/mm respectively. The illuminating 
beams 18A and 18B are incident onto the gratings at angles 
of 8.5° and 20.5° respectively. The diffracted beams at 
0.501 Mm are directed by afocal optical systems 26A and 26B, 
adjusted for angular magnification of 3.5X, to overlap and 
be incident on a lithium niobate crystal at angles to the 
crystal surface normal of 36.35° and 23.65° respectively. 
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' The illuminating beam 30 of wavelength .633 Mm is directed 
at the overlap region at an angle to the surface normal of 
46.25°. A change in wavelength of the control beam 10 from 
0.488 urn to 0.515 pm causes the deflected beam 36 to undergo 
5 an angular change in direction by 11.9 degrees to position 
46. 

According to another embodiment of the invention the grating 
20A comprises the +1 diffraction order and grating 20B the - 
10 1 diffraction order from the same transmission or reflection 
diffraction grating. 

The effectiveness of the fringe tilting means in maintaining 
high reconstruction efficiency over a broad deflection range 

15 is graphically illustrated in fig. 4. The corresponding 

change in angular deflection for the same wavelength range 
is shown in curves 62A or 62B for the device in accordance 
with this invention and the prior art device. The high 
spatial frequency configuration described above was used to 

20 generate the data representing deflection with (60A, 62A) 
and without (60B and 62B) wavelength control tilting. The 
curves 6 OA and 6 0B show the calculated variation in the 
diffraction efficiency of beam 30 as a function of the 
wavelength range of control beam 10 centered at 0.501 

25 microns. As is evident in the figure, the fringe tilting 

technique produces curves 60A and 62A which shows a signi- 
ficant improvement in both uniform efficiency and deflection 
angle sensitivity over the prior art technique curves 6 0B 
and 62B. For this particular example, the full width half 

30 power tuning ragne increases from 0.014 microns to .097 
microns and, more importantly, the deflection angle in- 
creases by more than one order of magnitude: from 2.6° to 
43.6°. For a given wavelength tuning range, this represents 
an increase in deflection sensitivity from 185° per micron 

35 to 450O per micron- 
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Claims : 



1. An opto-optical light deflector comprising a trans- 
parent optically active medium (28), means (10, 16) for 
providing first (22A) and second (22B) coherent wave fronts 
to travel in said medium thereby producing an optically 
generated standing wave (42) that induces a periodic va- 
riation in the optical properties for diffraction purposes, 
means (32) for providing a third wavefront (30) to travel in 
said medium, said third wave front being diffracted by the 
periodic variation, characterized by means (20A, 20B) for 
tilting the orientation of said optically generated standing 
wave in response to a change in the wavelength of said first 
and second wavefronts, and means (13) for varying the 
wavelength of said first wavefront to alter the periodicity 
of the variation whereby the diffraction direction of said 
third wavefront is altered. 

2. A deflector as described in claim 1 wherein said 
tilting means comprise first (20A) and second (20B) dif- 
fracting means. 

3. A deflector as described in claim 1 wherein said 
tilting means include a transmission diffraction grating. 

4. A deflector as described in claim 1 wherein said 
tilting means include a reflection diffraction grating. 

5. A deflector as described in claim 1 wherein said 
30 tilting means include transmisson holographic means. 

6. A deflector as described in claim 1 wherein said 
tilting means include reflection holographic means. 

35 7. A deflector as described in claim 1 wherein said 
tilting means include prism means. 
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8. A deflector as described in claims 2 and 3 wherein 
first and second tilting means comprise the +1 and -1 
diffraction orders from the same transmission diffraction 
grating . 

9. A deflector as described in claims 2. and 4 wherein 
first and second tilting means comprise the +1 and -1 dif- 
fraction orders from the same reflection diffraction 
grating . 
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